The aim of this study was to document the Doppler indices [pulsatility index (PI) and resistance index (RI)]
Introduction
Hysteroscopic endometrial ablation is a well established surgical option in cases of dysfunctional uterine bleeding (DUB) refractory to conservative management protocols (Valle, 1995; Baggish and Sze, 1996; Cravello et al., 1996) . This approach is a less morbid intervention compared with hysterectomy. It also avoids premature onset of ovarian failure and psychosexual dysfunction in perimenopausal women who would otherwise be subjected to hysterectomy.
The surgical techniques, the complications and the outcomes of the procedure have been described extensively in the literature (Valle, 1995) . Perrella et al. (1992) have described sonographic findings in the uterus after endometrial ablation.
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To our knowledge, however, there is no study describing Doppler assessment of the vascular changes in patients who undergo hysteroscopic endometrial ablation for DUB. In this report, we present our results on Doppler flow velocimetry examination in patients who underwent rollerball endometrial ablation. We wished to examine the relationship between Doppler indices of the uterine arteries in the postoperative period and the outcome of hysteroscopic endometrial ablation.
Materials and methods
This study was performed prospectively at Obstetrics and Gynaecology Department of Ankara University. The study population consisted of 30 patients suffering from DUB refractory to medical treatment including oral contraceptives, progestogens and danazol. All had benign histological findings on their endometrial biopsies. None of the patients had clinical or sonographical evidence of adenomyosis, nor did they have any other coexisting uterine pathology such as fibroids. All of the patients were also devoid of any systemic illnesses. Written consents were obtained from the patients and each was given the option of hysterectomy if they refused the treatment.
Doppler analysis of blood flow in both ascending uterine arteries was performed using transvaginal pulsed Doppler sonography with the Doppler gate of 0.1 mm placed over the colour flow images of uterine arteries at the level of internal cervical os in the early follicular phase (day 6) prior to endometrial biopsy and ablation.
The mean pulsatility and resistance indices (PI and RI respectively) as reflectors of vascular impedance (PI: systole -diastole/mean; RI: systole -diastole/systole) were derived from five consecutive cardiac cycle flow velocity waveforms of both uterine arteries by a built-in computerized spectrum analyser. The PI and RI values obtained from both arteries were then averaged.
A Toshiba SAL 270A triplex ultrasound system was used for the Doppler analysis, with a vaginal probe producing a 5 mHz pulsed beam for imaging and pulsed colour Doppler system for blood flow analysis. The spatial peak temporal average energy output of the pulsed Doppler transducer was below the limit of 95 mW/cm 2 suggested by the Food and Drug Administration (Washington, DC, USA). Hysteroscopic ablations were performed by a continuous flow 27 Fr hysteroscopic resectoscope (Karl Storz, Tuttlingen, Germany) with a 4 mm telescope having a 30°angle of view under general anaesthesia. The distension medium was 5% mannitol (Resectisol, Eczacibasi-Baxter, Turkey) . A rollerball electrode with a power output ranging between 40-60 W of pure coagulating current was used. The operations were carried out in the early follicular phase of the menstrual cycle, without any preoperative endometrial suppression. No complications were encountered during the perioperative period. Thereafter, patients returned for follow-up in postoperative months 1, 3 and 12, when Doppler flow velocimetry of the uterine arteries was again performed in the same manner as described above. In normally menstruating and hypomenorrhoeic women, examinations were carried out during the early follicular phase, coinciding with the same period of preoperative examinations. Each Doppler examination was also accompanied by a measurement of endometrial thickness in the longitudinal scan of the uterus. Uterine volumes were calculated using the formula for a prolate ellipse; lengthϫwidthϫheightϫ0.523 (Dodson, 1994) .
Means and SD were calculated for all the parameters under study. The data distribution was checked for normality by Shapiro-Wilks' and Lilliefors' tests. Statistical analysis between groups was performed by Student's t-test and analysis of variance (ANOVA) with a level of significance set to P Ͻ 0.05, when needed.
Results
Among the 30 patients recruited for the study, none had atypical endometrial pathology on her endometrial biopsy (Table I ). Mean age of the patients was 42 years (range 34-52). The calculated mean uterine volume was 147.17 Ϯ 12.42 ml (range 87-367). Table II gives the preoperative mean endometrial thicknesses and the Doppler indices obtained in the early follicular phase before the operation was carried out.
The intra-observer coefficient of variation for the measurements of the uterine arteries was~3% after taking the mean of at least three measurements each time.
The preoperative endometrial thicknesses and the Doppler indices did not show any differences with regard to the type of endometrial pathology (Student's t-test, P Ͻ 0.05).
One month after the procedure, 20 patients remained amenorrhoeic, six were hypomenorrhoeic, three had normal bleeding and only one had persistent menometrorrhagia. In the third month, of six patients previously with hypomenorrhoea, three had regular bleeding and three still had hypomenorrhoea. The patient menometrorrhagic in the first postoperative month had become amenorrhoeic, while one of the amenorrhoeic patients became menometrorrhagic in the third month. At the end of the first year, nine patients remained amenorrhoeic, 10 had hypomenorrhoea, five had regular bleeding and only six had irregular bleeding. Tables III, IV and V show the progressive changes in mean uterine artery PI, RI and endometrial thickness respectively of our patients grouped according to the outcome of treatment at the end of the first postoperative year. According to these data, preoperative and early postoperative (first and third month) PI of the uterine arteries were not predictive of which patients would eventually fail treatment, i.e. be menometrorrhagic at the end of the first year. The same was true for the RI of the uterine arteries. As far as the endometrial thickness is concerned, the values for the amenorrhoeic and hypomenorrhoeic patients (collectively regarded as successful treatment outcomes) at the end of the first year, were statistically significantly different from those for the menometrorrhagic patients (unsuccessful treatment) at the end of the first year, when measured in the first postoperative month (P Ͻ 0.05). Therefore, the endometrial thickness at the end of the first month may predict the outcome at the end of the first year. The same was also true for the third month endometrial thickness measurements between the amenorrhoeic and menometrorrhagic patients (P Ͻ 0.05).
Discussion
The role of hysteroscopic endometrial ablation in treating patients with DUB refractory to medical treatment has been well established, but the concern still exists as to whether those patients who had endometrial resection will need definitive surgery sometime in the future. Doppler ultrasound assessment of the uterine vasculature in the preoperative and postoperative periods might be useful in delineating the subgroup of patients who will not benefit from the endometrial ablation. The same studies also may clarify the physiological mechanisms underlying the treatment failures after endometrial ablation. If a relationship exists between the uterine artery blood flow characteristics and the outcome of endometrial ablation it will be clinically useful to determine at what point the Doppler parameters begin to relate to the outcome so that a particular time for postoperative Doppler assessment of the uterine arteries can be scheduled. On the other hand, one must not overlook the fact that Doppler ultrasound assessment of uterine artery blood flow still poses some drawbacks, since many variables act to influence the Doppler indices which in turn would influence clinical judgements. For example, Dickey et al. (1994) showed that even the body posture before Doppler examination may affect Doppler indices, and Zaidi et al. (1995) demonstrated the presence of a circadian rhythm in uterine artery blood flow which shows the importance of strict timing of a Doppler examination.
Transvaginal sonographic examination of the uterus after endometrial ablation provides a means of evaluation for symptomatic patients (Perrella et al., 1992) . Doppler flow velocimetry of the uterine arteries in symptomatic patients after the ablation may also be included in the evaluation workup of such patients.
The effectiveness, complications, and follow-up of rollerball endometrial ablation have been discussed thoroughly in the literature (Daniell et al., 1992; Baggish and Sze, 1996; Chullapram et al., 1996; Cravello et al., 1996) . However, the relationship between symptoms and the Doppler assessment of uterine arteries has not yet been investigated. Transvaginal colour Doppler sonography is useful in a number of situations, such as differentiating the nature of ovarian masses (Bourne et al., 1989) , diagnosing ovarian torsion or assessing the perfusion of early ectopic pregnancy by choriodecidual flow (Kurjak et al., 1989; Fleischer, 1991) . Transvaginal Doppler velocimetry of the uterine and intramyometrial arteries can distinguish normal from abnormal histopathology of the endometrium in cases of menometrorrhagia (Merce et al., 1991; Weiner et al., 1993) . The vascular changes that accompany abnormal histopathology and result in a decrease in the Doppler indices, are not expected to be present in patients with DUB (Merce et al., 1991) . Our results have shown that in patients with DUB, post-ablation treatment failures after 1 year are associated with decreases in the uterine artery Doppler indices. The Doppler indices of the uterine arteries have been found to relate to the phase of the menstrual cycle (Steer et al., 1990) . Diastolic flow increases during the secretory phase and decreases during the follicular phase (Fleischer, 1991) . The Doppler measurements should therefore be performed within a defined period of the cycle to make valid comparisons. In this study, the Doppler indices in women having menstruation were obtained on day 6 of the menstrual cycle. As a comparison between our results and other studies in the literature, PI values of the uterine arteries in our study coincided with day 7 to day of the luteinizing hormone (LH) peak in the study by Steer et al. (1990) . However, the aforementioned study 3458 only included women with regular cycles without any pelvic pathology.
Our study also highlights the sequence of physiological mechanisms for those patients who do not benefit from the endometrial ablation. The reason why endometrial thickness measurements become predictive of the final outcome after the operation earlier than the uterine artery PI and RI values seems to be the fact that angiogenesis of the inadequately ablated endometrial tissue fragments after the operation needs some time to be reflected as vascular changes of sufficient amplitude to cause changes in uterine artery Doppler indices. Therefore it is not the hormonal influences that result in resumption of the symptoms after the endometrial ablation most of the time, but rather the retained endometrial fragments which are the factors responsible.
The increased uterine perfusion as reflected by decreased Doppler indices at the end of the first postoperative year is presumably due to the increased activity of retained endometrial tissue after the ablation procedure. In well preserved endometrial tissue, downstream resistance to blood flow will be decreased due to the well developed endometrial vessels resulting in low PI and RI values in uterine arteries (Tekay et al., 1996) . Transvaginal laser Doppler fluxmetry which monitors the flux of red blood cells through the tissue under study, as described by Gannon et al. (1997) , may be a more sensitive assessment for endometrial vascular flow characteristics than uterine artery Doppler measurements. Endometrial perfusion may thus be better delineated than using uterine artery blood flow measurements, since estimates of total uterine arterial blood flow do not exclude the myometrial vascular beds.
